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Abstract
Aim. To report a study of the effects of protein-energy malnutrition on the
functional recovery of older people with hip fracture who participated in an
interdisciplinary intervention.
Background. It is not clear whether protein-energy malnutrition is associated
with worse functional outcomes or it affects the interdisciplinary intervention
program on the functional recovery of older people with hip fracture.
Design. A randomized experimental design.
Methods. Data were collected between 2002–2006 from older people with hip
fracture (N = 162) in Taiwan. The generalized estimating equations approach
was used to evaluate the effect of malnutrition on the functional recovery of older
people with hip fracture.
Results. The majority of older patients with hip fracture were malnourished
(48/80, 60% in the experimental group vs. 55/82, 67% in the control group)
prior to hospital discharge. The results of the generalized estimating equations
analysis demonstrated that subjects suffering from protein-energy malnutrition
prior to hospital discharge appeared to have significantly worse performance
trajectories for their activities of daily living, instrumental activities of daily
living, and recovery of walking ability compared with those without protein-
energy malnutrition. In addition, it was found that the intervention is more
effective on the performance of activities of daily living and recovery of walking
ability in malnourished patients than in non-malnourished patients.
Conclusion. Healthcare providers should develop a nutritional assessment/
management system in their interdisciplinary intervention program to improve the
functional recovery of older people with hip fracture.
Keywords: functional recovery, hip fracture, interdisciplinary intervention,
malnutrition, nursing, older people
© 2012 Blackwell Publishing Ltd 1691
JAN JOURNAL OF ADVANCED NURSING
Introduction
Improvements in nutrition, medicine and sanitation have
led to an increase in human life expectancy. As a result,
higher ageing population levels have become a global
phenomenon. In Taiwan, the percentage of people aged
65 or older has quadrupled over the past 60 years, from
25% in 1951 to 107% in 2010 (Department of Statis-
tics, Ministry of the Interior, ROC 2010) and is projected
to quadruple again to 416% in 2060 (Council for Eco-
nomic Planning & Development, Executive Yuan, ROC
2010). As in many other countries with an increasing
ageing population, in Taiwan hip fractures among older
people have become a serious healthcare issue (Hung
et al. 2005). As several studies have indicated that most
patients cannot resume their pre-fracture functional status
(Magaziner et al. 1990, 2000, Zuckerman et al. 2000), it
is worth investigating the issue of functional recovery for
older people with hip fracture.
Malnutrition among older people is another serious and
growing global health problem. It is associated with higher
morbidity and mortality, and a lower quality of life. The
increased prevalence of a poor nutritional status among
older people with hip fracture as compared with the general
population of older people has been well-documented
(Delmi et al. 1990, Hanger et al. 1999). However, the
influence of malnutrition on functional recovery following
hip fracture has seldom been explored.
Background
Hip fracture among older people is associated with higher
morbidity and a higher mortality for all fractures (Bru-
yere et al. 2008). In addition, the economic burden to
society of treating hip fractures cannot be ignored (Hung
et al. 2005). As a result, hip fractures are an important
health issue, especially in the older population of Taiwan.
One of the more devastating effects following a hip frac-
ture is the loss of functionality, including the loss of
physical and instrumental function. Functional recovery
following hip fracture is a noticeable health issue, because
258–621% of older people with a hip fracture cannot
resume their pre-fracture functional status at 12 months
following hospital discharge (Shyu et al. 2004). Studies
have shown that the predictive factors of functional
recovery following hip fracture include gender difference,
age of patient, pre-fracture motor, fracture type, cognitive
function, depression, coexisting disease, and length of
hospital stay (Shyu et al. 2004, 2008b, Givens et al.
2009, Samuelsson et al. 2009, Jamal Sepah et al. 2010,
Kristensen et al. 2010). However, little is known about
the relationship between nutritional status and func-
tional recovery among older people who suffered a hip
fracture.
Malnutrition is prevalent in patients with varied medical
condition, such as stroke, chronic respiratory failure, peptic
ulcers, and surgical patients (Visvanathan et al. 2004, Kaur
et al. 2008, Lelovics 2009, Charlton et al. 2010, Nip et al.
2011, Pison et al. 2011). These studies found that malnutri-
tion was associated with longer hospital stay, more compli-
cations, poorer health outcomes, and higher mortality.
Therefore, malnutrition has been recognized as an impor-
tant health issue. Malnutrition is also a common problem
in older people because ageing produces physiological,
psychological, and social changes. However, malnutrition is
a broad term and difficult to investigate, because there is
no universally accepted definition of malnutrition and varies
depending on the institution, discipline, and/or culture. The
terms, malnutrition and undernutrition are used inter-
changeably in many literatures (Chen et al. 2001). Under-
nutrition can be defined as a state of energy, protein, or
their specific nutrient deficiency (Allison 2000). Protein is
an important structural component. Low protein intake
may compromise the structure and strength of bone mass
and therefore increase the incidence of hip fracture
(Dawson-Hughes 2003, Bonjour 2005). Energy and protein
needs may be elevated with the trauma of a fracture and
the subsequent surgical repair and as a result, nutritional
deficits may quickly become exacerbated (Jallut et al. 1990,
Neumann et al. 2004). Thus, protein-energy malnutrition
(PEM) is also a common phenomenon in older people
patients with hip fracture.
Although malnutrition in older people may be correlated
with decreased functionality in a broad range of patients
(Sieber 2006) and produces a measurable change in body
function and results in a worse outcome from an illness
(Allison 2000), it is not clear whether PEM is associated
with a worse functional outcome for hip fractured older
people. Malnutrition in older people is an alarming sign.
Without intervention, it presents a downward trajectory in
health outcomes (Chen et al. 2001). Older people who are
ill and malnourished may be expected to benefit more from
an intervention. Although oral protein and energy supple-
mentation has been shown to have a beneficial effect on
several complications, there is little evidence that it is of
benefit to functional outcomes (Milne et al. 2009). Our
previous study showed that the interdisciplinary interven-
tion program, composed of geriatric consultation, continu-
ous rehabilitation, and discharge-planning, can improve the
health and functional outcomes of older people with hip
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fracture in Taiwan within 3 months after hospital dis-
charge (Shyu et al. 2005). Its effects can last for 1–2 years
following discharge (Shyu et al. 2008a, 2010). However,
it is not clear whether the effect of this interdisciplinary
intervention program on the functional recovery of older
people with hip fracture is different between those with
and without PEM.
Due to its possible negative effect, this study explored the
relationship between PEM and functional recovery among
hip fractured older people. Obesity and other forms of
malnutrition were not evaluated in this study. Although
nutritional status has been shown to decline due to a lack
of adequate nutritional intake during hospitalization
(Sullivan et al. 1999), it is not clear if the protein-energy
nutritional status prior to hospital discharge has an
influence on the functional recovery following hospital
discharge. Thus, this study focused on protein-energy nutri-
tional status prior to hospital discharge. In addition, this
study focused on whether intervention had a different effect
on the functional recovery of older people with and without
PEM following hip fracture.
The study
Aim
The aim of this study was to explore the effects of PEM
prior to hospital discharge on the functional recovery of
those older people with hip fracture who participated in an
interdisciplinary intervention program 1 year after hospital
discharge. Our aim was to evaluate the following two
hypotheses:
• First, baseline PEM is associated with worse functional
outcomes in older people with hip fracture.
• Second, the intervention has a greater impact on func-
tional recovery of malnourished older patients with hip
fracture than on non-malnourished older hip fracture
patients.
Design
A randomized experimental design with an in-hospital and
3-month postdischarge interdisciplinary intervention was
conducted to explore whether baseline PEM is associated
with a worse functional outcome and the baseline nutri-
tional status is a statistically significant independent covari-
ate that could potentially influence the impact of the
intervention on the functional outcome 1 year after hospital
discharge.
Participants
Participants were recruited from the trauma wards of a
3,700-bed medical centre in northern Taiwan. The sample
recruitment process is shown in Figure 1. Of the partici-
pants 7531% completed the 1-year follow-up. The inclu-
sion criteria for the participants were: (1) age 60 years or
older; (2) admitted to hospital for a non-pathologic, acci-
dental single-side hip fracture; (3) having received hip
arthroplasty or internal fixation; (4) able to perform a full
range of motion (ROM) against gravity and against some
(or full) resistance prior to the hip fracture; (5) Chinese
Barthel Index [CBI] score >70 before the hip fracture; and
(6) living in northern Taiwan. Patients with severe cognitive
impairment (score <10 on the Chinese Mini-Mental State
Examination [CMMSE]) (Yip et al. 1992) or those with ter-
minally ill were excluded. These exclusion criteria were
established to exclude subjects who were completely unable
to follow orders and complete a 1-year follow-up.
Data collection
Data were collected between 2002–2006 from older people
with hip fracture in Taiwan. Research nurses identified and
recruited subjects who met the inclusion criteria in
36 hours postsurgery. Written consent was obtained from
the patient at the beginning of the initial visit in the hospi-
tal. The 162 patients who met the study criteria and agreed
to participate were randomly assigned to either the experi-
mental or the control group. The participants in the experi-
mental group received our interdisciplinary intervention
program and routine care from the hospital, while subjects
in the control group received only routine care from the
hospital. Data were collected before hospital discharge and
then at 1, 3, 6, 12 months following hospital discharge
respectively.
A step-by-step manual, training sessions, supervised visits,
and case-conferences were given for the research nurses to
ensure consistency in delivering interventions and enhance
the rigour of this study. Each of the five research nurses
received 8 hours of training before this study and was
supervised at beginning of this study by a senior geronto-
logical nurse. Moreover, problems raised in the data
collection were discussed and resolved during regular case-
conferences.
Nutritional status
In this study, the Mini Nutritional Assessment (MNA) tool
(Guigoz et al. 1996) was used to grade the baseline nutri-
tional status of older people with hip fracture. The MNA
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was reported as having established reliability and validity
and as being appropriate for assessing older people in
different settings and from different countries (Guigoz
2006). It is composed of 18 simple and readily measured
items involving: (1) anthropometric assessment (weight,
height, arm and calf circumferences, and weight loss);
(2) global assessment (six questions related to lifestyle, med-
ication, and mobility); (3) dietary assessment (eight ques-
tions related to number of meals, food and fluid intake, and
autonomy of feeding); and (4) subjective assessment (self-
perception of health and nutrition). The sum of the MNA
score distinguishes between older patients with: (1) ade-
quate nutritional status, MNA  24; 2) protein-calorie mal-
nutrition, MNA <17; and (3)at risk of malnutrition, MNA
between 17– 235 (Guigoz et al. 1996, Vellas et al. 1999).
In the current study, the subjects who met the MNA score
<17 prior to hospital discharge were categorized as the mal-
nutrition group and the subjects who met the MNA score
 24 prior to hospital discharge were categorized as the
non-malnutrition group. Subjects with potential malnutri-
tion, an MNA score between 17–235 prior to hospital
discharge, were assessed further by checking their serum
albumin level prior to hospital discharge. Those with a
serum albumin level <35 g/dL prior to hospital discharge
were also categorized as being in the malnutrition group,
whereas those with a serum albumin level  35 g/dL prior
to hospital discharge were categorized in the non-malnour-
ished group. The baseline nutritional status of these four
groups was confirmed by a geriatrician.
Physical function
In this study, we examined the physical function of older
people with hip fracture for their ability to perform activi-
ties of daily living (ADL) and the recovery of their walking
ability. ADL was measured by the Chinese Barthel Index
(CBI), including dependencies in eating, transferring,
grooming, toileting, bathing, walking, climbing stairs,
dressing, and bowel and bladder functions. The CBI was
Patients with hip fracture (n = 935)
Excluded (n = 773)
Did not meet inclusion criteria (n = 590)  
Refused to participate (n = 183)  
Control group 
(n = 82; M = 55, NM = 27)
Experimental group 
(n = 80; M = 47, NM = 33) 
Randomized (N = 162)  
1-month follow-up (n = 71; M = 44, NM = 27) 
Dropped out (n = 9)
Died (n = 1)
Refused to participate (n = 8)  
3-month follow-up (n = 67; M = 41, NM = 26)  
Dropped out (n = 4)  
Refused to participate (n = 4)  
6-month follow-up (n = 65; M = 40, NM = 25) 
Dropped out (n = 2) 
Refused to participate (n = 2) 
1-year follow-up (n = 60; M = 36, NM = 24) 
Dropped out (n = 5) 
Died (n = 3) 
Refused to participate (n = 2) 
1-month follow-up (n = 76; M = 50, NM = 26) 
Dropped out (n = 6)  
Refused to participate (n = 6)
3-month follow-up (n = 70; M = 46, NM = 24) 
Dropped out (n = 6)
Died (n = 3)  
Refused to participate (n = 3) 
6-month follow-up (n = 68; M = 45, NM = 23) 
Dropped out (n = 2)
Refused to participate (n = 1) 
Died (n = 1) 
1-year follow-up (n = 62; M = 40, NM = 22) 
Dropped out (n = 6) 
Died (n = 2) 
Refused to participate (n = 4) 
Figure 1 Study flow diagram. M, malnutrition; NM, non-malnutrition.
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translated by Chen et al. and colleagues (Chen et al. 1995)
and was reported as having established reliability and validity
and as being appropriate for assessing frail older people in
Taiwan. The score ranges from 0–100, with 0 representing
total dependence and 100 representing total independence.
Recovery of walking ability was defined by comparing
the rating of the patient’s walking ability before and
after the hip fracture. Walking ability is one item on the
CBI and is rated from 0–15: 0 (immobile or <50 yards); 5
(wheelchair dependent, >50 yards); 10 (walks with verbal
or physical help of one person; >50 yards); and 15 (inde-
pendent, but may use any aid, e.g., a cane, >50 yards).
Instrumental function
The Chinese version of Lawton and Brody’s instrumental
activities of daily living (IADL) scale, translated by Chen
et al. (1995) and reported as having established reliability
and validity, was used to assess the instrumental function
of the older patients with hip fracture. The scale includes
ability to use a telephone, go shopping, prepare food, do
housekeeping, do laundry, use transportation, take medi-
cine, and handle money. The score ranges from 0–8, with 0
representing total dependence and 8 representing total
independence.
Treatment
The interdisciplinary community-based intervention pro-
gram, consisting of geriatric assessment/consultation,
discharge planning, and in-hospital and 3-month postdis-
charge rehabilitation was provided by geriatric nurses, a
physical therapist, and a geriatrician. The details of the inter-
disciplinary intervention program have been described in our
previous studies (Shyu et al. 2005, 2008a). The nutritional
assessment/consultation was part of the geriatric assessments/
consultation. The geriatric nurses completed the nutritional
assessment using MNA for all participants prior to hospital
discharge and referred to the geriatrician those that met the
MNA score  235. Based on further assessment, the geria-
trician then provided clinical suggestions to the surgeon and
the geriatric nurses provided nutritional education to those
participants who were categorized as the malnutrition group.
However, the nutritional assessment/consultation by the geri-
atrician and the geriatric nurses was not continued after the
patient was discharged from the hospital.
Ethical considerations
Human subject approval and access permission were
obtained from the hospital used in this study prior to data
collection. After the researcher explained the purpose,
method and risks of the study, the participants were asked
to sign an informed consent form before they could partici-
pate in this study. The participants were encouraged to
express any misgivings they might have about the study and
they could withdraw from the study at any time.
Data analysis
Chi-square tests or analysis of variance (ANOVA) were used
to examine the difference in the baseline characteristics of
the four groups, i.e. malnourished experimental, malnour-
ished control, non-malnourished experimental, and the
non-malnourished control group. Chi-square tests were also
used to examine the differences in the functional recovery
rates of these four groups at 1, 3, 6 and 12 months
postdischarge respectively
General estimating equations (GEE), providing consistent
estimators of the regression coefficients, were used to test any
correlation in repeated observations over time. Before pro-
ceeding with the GEE analysis, Pearson’s correlation, Spear-
man’s correlation, and multiple regression were used to test
the correlation between potential predictors (treatment,
nutritional status, age, cognition level, readmission to hospi-
tal, depression, length of hospital stay, comorbidity, pre-
ADL, and pre-IADL) and outcome variables (ADL, IADL,
and recovery of walking ability). These predictors (including
treatment, nutritional status, age, depression, pre-ADL, and
pre-IADL) were selected because they were statistically sig-
nificant for the outcome variables in these cross-sectional
analyses. For a given outcome variable (using ADL, IADL,
and recovery of walking ability respectively), the GEE model
included the following predictors: (1) treatment (coded 0 for
the control group and 1 for the experimental group);
(2) nutritional status (coded 0 for the non-malnourished
group and 1 for the malnourished group); (3) time (viewed as
continuous variable); (4) the interaction term (treatment x
malnutrition); and (5) other covariates (including age,
depression, pre-ADL, and pre-IADL).
As the assumption underlying the GEE model is that all
missing data are missing completely at random (MCAR),
multinomial logistic regression was used to test whether
demographic characteristics (including age, gender, marital
status, and educational background), baseline functional
status (including ADL and IADL) and treatment (including
experimental and control group) could predict a subject’s
condition of following up (including death, refusal, or
remain). The result of the multinomial logistic regression
showed that those predictors could not predict a subject’s
decision for following up. These analyses were performed
© 2012 Blackwell Publishing Ltd 1695
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using SPSS for Windows, Version 150 (SPSS Inc.,
Redmond, WA).
We also carried out the intention-to-treat analysis to
avoid deviations from randomized allocation and missing
responses (Hollis & Campbell 1999). According to the
principle of intention-to-treat, missing data at the baseline
due to death and refusal to participate after randomization
were imputed by multiple imputation (Little & Rubin
1987, Rubin 1987) to ensure that all randomized subjects
could be included in the analysis (Hollis & Campbell
1999). NORM, software developed by Schafer (1997), was
used to impute four complete data sets and analyses were
run on each data set. Estimates and their standard errors
were then averaged across the four imputations to derive a
single estimate and standard error. Except for the baseline
missing data, no imputation was made. The rationale for
this was that the information, before dropping out in the
GEE model, had already contributed to the estimation of
the parameters relative to the available data.
Results
Baseline characteristics
One hundred and sixty-two patients participated in this
study, 111 (685%) were female and 51 (315%) were
male. Their average age was 7816 years (range 60–98
years). Most were married (519%) and illiterate (488%).
The average length of hospital stay, pre-fracture ADL score,
pre-fracture IADL score, and pre-fracture walking ability
score were 989 days (range 3–35 days), 9608 (range
70–100), 559 (range 0–8), and 1423 (range 10–15) res-
pectively. Except for pre-fracture IADL, no statistically
significant differences were found in the baseline character-
istics of these four groups, consisting of the malnourished
experimental, malnourished control, non-malnourished
experimental, and the non-malnourished control group
(Table 1). In this study, the majority of older patients with
hip fracture were malnourished according to their MNA
score and serum albumin level prior to hospital discharge
(48/80, 60% in the experimental group vs. 55/82, 67% in
the control group).
Functional recovery
Table 2 indicates that the recovery rates of ADL and walk-
ing ability in these four groups are significantly different at
3, 6, and 12 months after hospital discharge (P < 001) and
that the recovery rates of IADL in these four groups show
no statistically significant differences at any time point
(P > 005). In other words, the recovery rate of ADL and
walking ability in the malnourished control group was the
Table 1 Demographic characteristics of hip fractured patients with and without malnutrition.
Characteristics
Subjects with malnutrition (n = 103) Subjects without malnutrition (n = 59)
P-value
Control group
(n = 55)
Experimental group
(n = 48)
Control group
(n = 27)
Experimental group
(n = 32)
#Age (years), Mean (SD) 8029 (671) 7758 (889) 7619 (775) 7703 (712) 0076
§Gender, n (%)
Female 39 (709) 33 (688) 17 (630) 22 (688) 0911
Male 16 (291) 15 (312) 10 (370) 10 (312)
§Marital status, n (%)
Married 27 (491) 24 (500) 19 (704) 14 (438) 0188
Single 28 (509) 24 (500) 8 (296) 18 (562)
§Educational background, n (%)
Illiterate 29 (527) 24 (500) 9 (333) 17 (531) 0511
Primary school 17 (309) 13 (271) 13 (481) 9 (281)
High school 6 (109) 5 (104) 2 (74) 5 (156)
College or above 3 (55) 6 (125) 3 (112) 1 (32)
#Length of hospital stay, Mean (SD) 985 (438) 1045 (377) 931 (588) 961 (327) 0708
#Pre-fracture ADL, Mean (SD) 9573 (670) 9490 (711) 9722 (577) 9750 (539) 0246
#Pre-fracture IADL, Mean (SD) 515 (252) 519 (249) 644 (206) 619 (204) 0034
#Pre-fracture walking ability, Mean (SD) 1409 (195) 1396 (205) 1444 (160) 1469 (123) 0283
Using the case numbers at time of admission, experimental group (n = 80), control group (n = 82).
ADL, activities of daily living; IADL, instrumental activities daily living; SD, standard deviation.
§Chi-square tests or #ANOVA were used to examine the difference in the baseline characteristics of the four groups.
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worst and the recovery rate in the non-malnourished
experimental group was the best at 3, 6, and 12 months
following hospital discharge.
Table 2 also shows that the recovery rate of ADL in the
malnourished experimental group was higher than in the
non-malnourished control group at 1 and 3 months postdis-
charge. On the other hand, the recovery rate of ADL in the
non-malnourished control group was higher than in the
malnourished experimental group at 6 and 12 months
postdischarge. In addition, the recovery rate of walking
ability in the malnourished experimental group was higher
than in the non-malnourished control group at 1, 3, and
6 months postdischarge. On the other hand, the recovery
rate of walking ability in the non-malnourished control
group was higher than in the malnourished experimental
group at 12 months postdischarge.
Table 2 Comparisons of functional recovery rates.
Functional recovery
Subjects with malnutrition Subjects without malnutrition
v2 (P-value)Control group Experimental group Control group Experimental group
ADL
At 1 month postdischarge, n (%)
Recovery§ 3 (65) 10 (227) 4 (143) 5 (185) 4878 (0181)
Non-recovery 43 (935) 34 (773) 24 (857) 22 (815)
At 3 months postdischarge, n (%)
Recovery 8 (200) 20 (488) 7 (259) 16 (615) 15299 (0002)
Non-recovery 32 (800) 21 (512) 20 (741) 10 (385)
At 6 months postdischarge, n (%)
Recovery 12 (308) 23 (575) 17 (607) 19 (760) 14038 (0003)
Non-recovery 27 (692) 17 (425) 11 (393) 6 (240)
At 12 months postdischarge, n (%)
Recovery 12 (333) 23 (639) 19 (760) 19 (826) 18558 (< 0001)
Non-recovery 24 (667) 13 (361) 6 (240) 4 (174)
IADL
At 1 month postdischarge, n (%)
Recovery 6 (130) 8 (186) 6 (222) 1 (37) 4449 (0217)
Non-recovery 40 (870) 35 (814) 21 (778) 26 (963)
At 3 months postdischarge, n (%)
Recovery 9 (225) 9 (220) 4 (154) 6 (231) 0637 (0888)
Non-recovery 31 (775) 32 (780) 22 (846) 20 (769)
At 6 months postdischarge, n (%)
Recovery 10 (263) 15 (375) 8 (296) 10 (400) 1824 (0610)
Non-recovery 28 (737) 25 (625) 19 (704) 15 (600)
At 12 months postdischarge, n (%)
Recovery 10 (278) 15 (417) 7 (292) 12 (522) 4555 (0207)
Non-recovery 26 (722) 21 (583) 17 (708) 11 (478)
Walking ability
At 1 month postdischarge, n (%)
Recovery 17 (370) 24 (545) 10 (357) 16 (593) 5905 (0116)
Non-recovery 29 (630) 20 (455) 18 (643) 11 (407)
At 3 months postdischarge, n (%)
Recovery 18 (450) 32 (780) 18 (667) 23 (885) 16626 (0001)
Non-recovery 22 (550) 9 (220) 9 (333) 3 (115)
At 6 months postdischarge, n (%)
Recovery 19 (487) 34 (850) 22 (786) 21 (840) 16456 (0001)
Non-recovery 20 (513) 6 (150) 6 (214) 4 (160)
At 12 months postdischarge, n (%)
Recovery 18 (500) 31 (861) 22 (880) 20 (870) 18757 (<0001)
Non-recovery 18 (500) 5 (139) 3 (120) 3 (130)
Chi-square tests were used to examine the differences in the functional recovery rates of these four groups at 1, 3, 6, and 12 months post-
discharge respectively.
§Recovery was defined as regaining prior functional ability following repair surgery.
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Overall effects
The regression coefficients (b) determined by the GEE analy-
ses are presented in Table 3. Except for the main predictors
(including time, malnutrition, treatment, and malnutrition x
treatment) in these analyses, the results shown in Table 3
were controlled by other covariates including age, pre-ADL,
pre-IADL, and the GDS (Geriatric Depression Scale) score.
The data for the subjects without malnutrition were used as
the baseline for the overall malnutrition effect. Malnutrition
had a negative effect on the performance of ADL
(b = 453, P < 005), performance of IADL (b = 055,
P < 005), and recovery of walking ability (b = 007,
P < 005). In other words, the subjects with malnutrition
appeared to have significantly worse performance trajecto-
ries in ADL, IADL, and recovery of walking ability than
those without malnutrition after controlling for treatment,
time, interaction between malnutrition and treatment, age,
pre-ADL, pre-IADL, and GDS score.
In terms of treatment effect, the data from the control
groups were used as the baseline. Treatment had a positive
effect on the performance of ADL (b = 533, P < 001),
performance of IADL (b = 072, P < 001), and recovery of
walking ability (b = 011, P < 0001). In other words, the
subjects in the experimental groups appeared to have signif-
icantly better performance trajectories in ADL, IADL, and
recovery of walking ability than those in the control groups
after controlling for malnutrition, time, interaction between
malnutrition and treatment, age, pre-ADL, pre-IADL, and
GDS score.
For the overall time effect, time had a positive effect on
the performance of ADL (b = 194, P < 0001), perfor-
mance of IADL (b = 015, P < 0001), and recovery of
walking ability (b = 004, P < 0001). That is to say, the
subjects appeared to have significantly better performance
trajectories in ADL, IADL, and recovery of walking ability
over time after controlling for malnutrition, treatment,
interaction between malnutrition and treatment, age, pre-
ADL, pre-IADL, and GDS score.
Interaction effects
It was found that the interaction between malnutrition and
treatment had a statistically significant positive effect on the
performance of ADL (b = 669, P < 005) and recovery of
walking ability (b = 014, P < 005) (Table 3). In other
words, the intervention had a larger effect on the perfor-
mance of ADL and recovery of waking ability in malnour-
ished patients than in non-malnourished patients. Based on
the regression coefficients from Table 3, the ADL score and
rate of recovery in walking ability before hospital discharge
and at 1, 3, 6 and 12 months following hospital discharge
were calculated and plotted in Figures 2 and 3. The ADL
score in the malnourished control group was lower than the
ADL scores in the other three groups at any time point
(Figure 2). Similarly, the recovery rate of walking ability in the
malnourished-control group was also lower than the recovery
rate of the walking ability in the other three groups at any time
point (Figure 3). These results showed that the intervention
Table 3 Regression coefficients from
GEE analyses.
Outcome variables ADL§ IADL¶ Walking ability recovery#
Independent variables B(SE) B(SE) B(SE)
Intercept 3939 (1879)* 441 (241) 111 (036)**
Time 194 (017)*** 015 (002)*** 004 (015)***
Malnutrition† 453 (180)* 055 (023)* 007 (003)*
Treatment†† 533 (170)** 072 (022)** 011 (003)***
Malnutrition x treatment 669 (353)* 073 (045) 014 (007)*
General estimating equations (GEE) were used to test any correlation in repeated observations
over time.
These results have adjusted several potential confounders, including age, pre-ADL, pre-I ADL,
and GDS.
*P < 005;**P < 001;***P < 0001.
§ADL (activities of daily living): the index scale ranges from 0 (total dependence) to 100 (total
independence).
¶IADL (instrumental activities of daily living): the index scale ranges from 0 (total depen-
dence) to 8 (total independence).
#Recovery of walking ability was defined by comparing the rating of the patient’s walking
ability before and after fracture.
†Data for the participants without malnutrition was used as the reference.
††Data for the control group was used as the reference.
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had a greater effect in ADL performance and recovery rate of
walking ability on subjects with malnutrition.
Discussion
This study is the first to explore the effects of PEM on the
functional recovery of non-Western older people with hip
fracture who participated in an interdisciplinary interven-
tion. However, this study has some limitations that must be
taken into consideration when interpreting its results. First,
a single-blind design was used in this study. That is to say,
the personnel involved in this study were not blind to the
implementation of the intervention nor when assessing the
outcomes. Therefore, we purposely assigned the staff
involved different research duties to minimize any potential
bias. Second, 2469% of the subjects in this study were lost
to follow-up during the 1 year following hospital discharge.
Thus, we used the GEE, which is an analytic method which
allowed us to use all available data in this study. Third, we
used the data collected more than 5 years ago in this study.
However, we believe that these data are still relevant today
because the profile of the older patients with hip fracture in
our study sample was similar to that of their counterparts
in a recent study (Lin et al. 2010) and postdischarge
services for older patients with hip fracture have remained
the same during the past 10 years (Department of Health,
Executive Yuan, R.O.C. 2010). Moreover, the influence of
malnutrition on functional recovery of older people with
hip fracture has seldom been explored. Hence, the results
of this study warrant publication. Finally, the generalizabil-
ity of the study results is limited because the sample in this
study was only recruited from a single medical centre in
northern Taiwan. Furthermore, malnutrition in this study
was identified using the MNA score and serum albumin
level prior to hospital discharge. Other forms of malnutri-
tion were not evaluated in this study. Therefore, more
studies should be conducted in the future.
The majority of older patients with hip fracture in
this study were malnourished prior to hospital discharge
(48/80, 60% in the experimental group vs. 55/82, 67% in
the control group). Because, fasting before the operation
and the inflammatory response of the injury and surgical
stress may lead to catabolism (Hedstrom et al. 2006), PEM
is a common finding (about 52–64%) in older patients with
hip fracture (Patterson et al. 1992, Lumbers et al. 1996,
Hanger et al. 1999, Ponzer et al. 1999, Akner & Cederholm
2001). Malnutrition may be detrimental to the recovery
from hip fracture (Hedstrom et al. 2006). Previous studies
have shown that the female orthopaedic older patients with
high nutritional risk had a longer recovery periods and a
greater proportion were dependent on walking frames
(Lumbers et al. 1996). Our study also found that the partici-
pants with PEM prior to hospital discharge appeared to
have significantly worse trajectories in performance of ADL,
IADL, and recovery of walking ability than those without
PEM. Thus, it is necessary to pay attention to the nutritional
issues of older people with hip fracture.
Previous studies have shown that patients with hip frac-
ture usually regain their functional ability in 6 months after
surgery (Jette et al. 1987, Tsauo et al. 2005) and that
patients who participate in a home-based physical therapy
program tend to recover even sooner between 1 and
3 months after surgery (Meeds & Pryor 1990, Tsauo et al.
2005). However, in the past little was known about the
effects of the nutritional status of older people with hip
fracture prior to hospital discharge and the influence of
interdisciplinary intervention on their functional recovery
following hospital discharge. In this study, it is found that
the recovery rates of ADL and walking ability in the
malnourished control group was the worst and the recovery
rates of the non-malnourished experimental group was the
best at 3, 6, and 12 months after hospital discharge. The
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Figure 2 Longitudinal changes in ADL score before hospital
discharge and at 1, 3, 6, and 12 months following hospital discharge.
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Figure 3 Longitudinal changes in recovery of walking ability
before hospital discharge and at 1, 3, 6, and 12 months following
hospital discharge.
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results showed that the nutritional status prior to hospital
discharge and the interdisciplinary intervention are the
factors that have a major influence on the functional recov-
ery of older people with a hip fracture. Similar findings
were found in other populations, for example, for frail
older persons receiving ambulatory rehabilitation, malnour-
ished patients, and those with mild malnutrition were found
to have poorer physical function capacity (Chevalier et al.
2008).
This study also demonstrated that those older people
who participated in an interdisciplinary intervention for hip
fracture appeared to have better trajectories in the perfor-
mance of ADL and IADL, and in the recovery of their
walking ability, compared with those that did not partici-
pate in that program, after controlling for pre-discharge
nutritional status, interaction between malnutrition and
treatment, age, pre-ADL, pre-IADL, and GDS score during
the first year after hospital discharge. Our previous study
also showed that the interdisciplinary intervention benefit-
ted older people with hip fracture by improving both their
ADL and walking ability 1 year following hospital dis-
charge (Shyu et al. 2008a). The most important finding of
this study is that the intervention has a greater impact on
the performance of ADL and recovery of walking ability in
malnourished patients than in non-malnourished patients.
These findings are worth for further future study.
Previous studies demonstrated that nutrition interventions
were able to improve outcomes for patients with chronic
respiratory failure (Pison et al. 2011) and stroke (Rabadi
et al. 2008). In addition, protein-rich supplementation after
surgery for hip fracture may reduce long-term complications,
hospital stay, and mortality rate (Jensen et al. 1982, Tkatch
et al. 1992, Espaulella et al. 2000, Lauque et al. 2000, Ene-
roth et al. 2006, Milne et al. 2009). On the other hand, a
few studies found that protein supplementation did not
improve functional recovery following hip fracture (Williams
et al. 1989, Espaulella et al. 2000, Neumann et al. 2004,
Milne et al. 2009). However, this study found that PEM had
a negative effect on the performance of ADL, IADL, and
recovery of walking ability during 1 year after a hip fracture.
Malnutrition is a cause for concern among older peo-
ple. Without intervention, it shows a downward trajectory
in health outcomes (Chen et al. 2001). Although our
interdisciplinary intervention only contained a nutritional
assessment/consultation prior to hospital discharge and
did not include nutritional supplementation, the present
study still found that the intervention was more effective
on the performance of ADL and recovery of walking abil-
ity in malnourished patients than in non-malnourished
patients. Therefore, a detailed nutritional assessment and
instruction program and not only protein supplementa-
tion, should be included in the early phase after surgery
and in the home-based intervention program to improve
the functional recovery of older patients with hip fracture
What is already known about this topic
• Many older people with hip fracture cannot resume
their pre-fracture functional status following hospital
discharge.
• The predictive factors of functional recovery following
hip fracture include gender difference, age, pre-fracture
motor control, fracture type, cognitive function,
depression, coexisting diseases, and length of hospital
stay.
• The increased prevalence of a poor nutritional status
among older people with hip fracture as compared
with the general population of older people has been
well-documented.
What this paper adds
• Protein-energy malnutrition is a common phenomenon
in older patients with hip fracture.
• Subjects with protein-energy malnutrition prior to
hospital discharge appear to have significantly worse
performance trajectories in activity of daily living,
instrumental activities of daily living, and recovery of
walking ability than those without protein-energy
malnutrition.
• Nutritional intervention has a greater impact on the
performance of activities of daily living and recovery
of walking ability in malnourished patients than in
non-malnourished patients.
Implications for practice and/or policy
• Nursing personnel should pay attention to the nutri-
tional issues of older people with hip fracture in geron-
tological care.
• The healthcare providers should develop a nutritional
assessment/management system and include them in
their interdisciplinary intervention program to improve
the functional recovery of older people with hip frac-
ture. Nurses should play a crucial and active role in
communication, cooperation, coordination, and imple-
mentation in the interdisciplinary intervention.
• Further studies should focus on long-term nutritional
trend of older people with hip fracture following hos-
pital discharge and its effect on functional recovery.
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in the future. Nevertheless, further study is required to
collect more evidence of the benefit from nutritional inter-
vention for older people with hip fracture that are at risk
of malnutrition.
Conclusion
The majority of older patients with hip fracture were
malnourished prior to hospital discharge. Thus, nursing per-
sonnel should pay attention to the nutritional issues of older
people with hip fracture in gerontological care. Protein-
energy undernutrition is an important independent predictor
of 1-year postdischarge functional recovery of older patients
who have undergone surgical repair of an acute hip fracture.
Subjects with PEM prior to hospital discharge appeared to
have significantly worse performance trajectories in ADL,
IADL, and recovery of walking ability than those without
PEM. In addition, the interdisciplinary intervention
described in this study has a greater impact on the perfor-
mance of ADL and recovery of walking ability in malnour-
ished patients than in non-malnourished patients.
As nutritional status prior to hospital discharge and inter-
disciplinary intervention are factors with a major influence
on the functional recovery of older people with a hip frac-
ture, healthcare providers should develop a nutritional
assessment and nutrition management system and include
them in their interdisciplinary intervention program to
improve the functional recovery of older people with hip
fracture. Nurses should play a crucial and active role in
communication, cooperation, coordination, and implemen-
tation in the interdisciplinary intervention. In addition, we
suggest that further studies should focus on long-term nutri-
tional trend of older people with hip fracture following hos-
pital discharge and its effect on functional recovery.
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